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Accurately delivering and precisely timing sprinkler irrigation improves peanut yield and
profitability, but there are no data on how to achieve this in the mid-southern USA where
furrow-irrigation dominates. This research was conducted to determine if soil water
potential could be manipulated through land preparation method, irrigation delivery, and
irrigation scheduling. The effects of land preparation method (flat vs bed), furrowirrigation delivery (every vs every-other furrow), and irrigation scheduling
[Food and Agriculture Organization and drainage paper 56 (FAO-56), - 50 kPa, -75 kPa,
and -100 kPa] on peanut yield, net returns above irrigation costs, and irrigation water use
efficiency were investigated near Stoneville, MS on a Bosket very fine sandy loam. Our
data indicate that regardless of land preparation method, peanut yield, net returns above
irrigation costs, and irrigation water use efficiency are most often optimized in the midsouthern USA by irrigating every other furrow at a threshold of -50 kPa.
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CHAPTER I
LAND PREPARATION METHOD AND FURROW IRRIGATION STRATEGY
EFFECTS ON PEANUT POD YIELD, NET RETURNS, AND
IRRIGATION WATER USE EFFICIENCY
Abstract
Limited data exist on land preparation methods and irrigation strategies for peanut
[Arachis hypogea (L.)] grown in the mid-southern USA where furrow irrigation is the
primary delivery method. The objective of this study was to determine if bed formation
is required to optimize peanut pod yield and profitability in rainfed and furrow irrigated
environments. The effects of land preparation method (flat vs bed) and irrigation strategy
(every furrow, every other furrow, and non-irrigated) on peanut pod yield, net returns
above tillage and irrigation costs, and irrigation water use efficiency were investigated
near Stoneville, MS on a Bosket very fine sandy loam (fine-loamy, mixed, active,
thermic Mollic Hapludalfs). Relative to the rainfed environment, irrigation either had no
effect or improved yield 1.8-fold regardless of land preparation method and irrigation
strategy. Pooled over land preparation method, irrigating every other furrow either had
no effect or improved net returns above irrigation costs up to $588 ha-1. Independent of
year and land preparation method, irrigating every other furrow increased irrigation water
use efficiency 5.3-fold relative to irrigating every furrow. Our data indicate that yield,
net returns above irrigation costs, and irrigation water use efficiency are most often
1

optimized for peanut in the mid-southern USA by planting either flat or on a bed and
irrigating every other furrow.
Introduction
Within the primary peanut [Arachis hypogea (L.)] growing regions of the USA,
including Alabama, Florida, Georgia, southeast Mississippi, North and South Carolina,
Oklahoma, Texas, and Virginia approximately 735,000 ha of peanut are planted on
coarse, well-drained soils on flat ground or a raised 183- to 203-cm wide bed. Seventyfive percent of the peanut hectarage is rainfed while 25% of the hectarage is irrigated
with over-head sprinklers (Sholar et al.,1995; Grichar, 1998; Anon., 1999). Since the
2014 Farm Bill, peanut hectarage has expanded into non-traditional regions.
In the mid-southern peanut region, consisting of western Tennessee, southeast
Missouri, and the delta regions of Arkansas, Mississippi, and Louisiana, peanut hectarage
has increased at least 50% since 2011 (USDA-NASS, 2017). Peanuts in this region are
planted predominately on very fine sandy-loam or coarser textured soils on either flat
ground or 91- to 102-cm wide raised bed. Approximately eighty percent of the irrigated
hectarage in the mid-southern USA is furrow irrigated. Efficacy of seed bed preparation
and furrow irrigation for typical mid-southern USA soils where peanut are grown has not
been determined.
The majority of row-crop hectares in the mid-southern USA are planted into 91to 102-cm wide raised beds which facilitates drainage during long rainy periods and crop
productivity in soils conducive to furrow irrigation. Relative to planting flat, planting on
a bed increased maize and/or soybean biomass, plant height, root growth and uniformity,
and yield, which was attributed primarily to improved bulk density (Johnson et al., 1990;
2

Tomar et al., 1996; Siler et al., 2001; Bakker et al., 2005; Blessit, 2008; Jackson et al.,
2011). Planting wheat, oat, and canola on raised rather than flat beds provided greater
yields in poorly drained soils (Tomar et al., 1996; Bakker et al., 2005; Bruns and Young,
2012). Planting peanut on a bed in fine-textured soils, that is, Greenville sandy loam
(Fine, kaolinitic, thermic Rhodic Kandiudults), resulted in 465 kg-ha greater yields
compared with peanut planted flat, but land preparation had no effect on a course
textured, Tifton loamy sand (Fine-loamy, kaolinitic, thermic Plinthic Kandiudults)
(Jackson et al., 2011). The greater peanut pod yield in fine textured soils was attributed
to improved digging efficiency. Land preparation strategies for furrow irrigated peanut
planted into moderately to poorly drained soils common to the mid-southern USA has not
been evaluated.
Skip row irrigation is a best management practice (BMP) where water is applied
to every other furrow. Skip row irrigation can effect yield, water infiltration, irrigation
water use efficiency (IWUE), and net returns on crops and soil textures common to the
mid-southern USA. For moderately and poorly drained soils, infiltration and horizontal
movement of water is greater for skip row irrigation whereby corn, soybean, sorghum,
and cotton yield is maintained relative to applying water to every furrow (Stone et al.,
1979; Golzardi et al., 2017). In well drained, course textured soils, yield loss can occur
in skip row irrigation when crop water demand is not met due to excessive vertical
movement of water below and minimal lateral movement of water into the rooting zone
(Ebrahimian, 2014). Regardless of soil texture or crop, IWUE is greater for skip row
rather than every furrow irrigation because less water is applied in the former (Grimes et
al., 1968; Fischbach and Mulliner, 1972; Musick and Dusek, 1974; Stone et al., 1979;
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Ghadage, et al., 2005; Kashiani et al., 2011; Golzardi et al., 2017). When yield is similar
between irrigation strategies, net returns above irrigation costs are greater for skip row
irrigation because of reduced fuel costs. Skip row irrigation of peanut has not been
evaluated in the mid-southern USA.
There is considerable evidence that bedding system and irrigation strategy can
affect yield and profitability of multiple crops in the mid-southern USA. However, the
effect of bedding type and furrow irrigation strategy on peanut has not been evaluated in
this region. The objective of this study was to determine if bed formation (flat vs bed) is
required to optimize peanut pod yield and profitability in rainfed and furrow (skip vs
every furrow) irrigated environments.
Materials and Methods
Field studies were conducted on a Bosket very fine sandy loam (fine-loamy,
mixed, active, thermic Mollic Hapludalfs) (USDA-NRCS, 2013) at the Mississippi State
University (MSU) Delta Research and Extension Center (DREC) in Stoneville, MS in
2015 and 2016. The experimental design was a split-plot within a randomized complete
block with land preparation (bedded vs. flat) as the main plot and irrigation strategy (nonirrigated, every furrow, every other furrow) as the sub-plot. Land preparation for both
bedded and flat included deep tillage with a parabolic sub-soiler to a depth of 56 cm
followed by disc-harrowing in the fall. In the bedded system, 102-cm raised beds were
formed with a high-clearance bedding hipper in the spring, while the flat planted system
soil was compressed with a land roller.
Peanut cultivar Georgia-06G (Branch, 2007) was planted into experimental units
that were 8.16-m wide (8 rows) by 9.15-m long at 19.7 seeds m-1 to a depth of 5 cm using
4

a four-row John Deere MaxEmerge 1700 XP vacuum planter (John Deere Seeding
Group, Moline, IL). Planting occurred on 1 June and 6 May for the 2015 and 2016
growing seasons, respectively. All agronomic and pest management decisions were
based on MSU Extension recommendations (Oldham, 2012; Catchot et al., 2014;
Mississippi State University, 2015) and the high-risk model of the Peanut Disease Risk
Index (Kemerait et al., 2015).
Irrigation was delivered via lay-flat poly-ethylene tubing (poly-tubing) (Delta
Plastics Inc., Little Rock, AR). Irrigations were scheduled based on a 5.08-cm deficit as
estimated by the FAO-56 water balance method (Allen et al., 1998, 2005). Prior to
canopy closure, a row crop cultivator with shallow flat sweeps was used to facilitate
irrigation movement along furrow length in all land preparation methods. Furrow
preparation was conducted only in furrows receiving irrigation. Inflow rate (19 L min-1)
and irrigation application volume (51.5 ha-mm) were monitored with a McCrometer flow
tube with attached McPropeller bolt-on saddle flowmeter (McCrometer Inc., Hemet,
California) connected to the field inlet. Pipe Hole and Universal Crown Evaluation Tool
(PHAUCET) version 8.2.20 (USDA-NRCS, Washington, D.C.) was used to calculate
correct poly-tubing hole sizes to maintain proper flow rate.
Measured values included peanut pod yield, peanut market grade [% Total Sound
Mature Kernels (TSMK)], net returns above irrigation costs, and IWUE. Peanut maturity
was determined using the hull scrape method (Williams and Drexler, 1981). Digging and
inversion of the center two rows occurred on 5 November and 26 September for 2015 and
2016, respectively, utilizing a KMC digger-shaker-inverter (Kelley Manufacturing Co.,
Tifton, GA). Peanut pod harvest took place on 11 November and 11 October for 2015
5

and 2016, respectively, with a KMC peanut combine (Kelley Manufacturing Co., Tifton,
GA). Peanut pods were bagged then weighed with a calibrated scale and moisture
adjusted to 10.5 g kg-1. Peanut grading was conducted in accordance with methods
described by Davidson et al. (1982). Partial budgets (Kay et al., 2015), using estimated
costs taken from MSU Delta planning budgets (Mississippi State University Dept. of Ag.
Econ., 2015; 2016) and prices received for in-shell Mississippi peanuts during 2015 and
2016 (USDA-NASS, 2017) were developed to analyze differences in net returns for each
treatment. Irrigation water use efficiency was calculated as described by Vories et al.
(2005):

𝐼𝑊𝑈𝐸 =

𝑌
𝐼𝑊𝐴

(1.1)

where IWUE is irrigation water use efficiency (kg ha-mm-1), Y is peanut pod yield (kg
ha-1), and IWA is irrigation water applied (ha-mm-1).
All data were subjected to ANOVA using the GLIMMIX Procedure in SAS 9.4
(Statistical Analytical System Release 9.4; SAS Institute Inc., Cary, NC). Type III
statistics were used to test all possible fixed effects or interactions among fixed effects.
Replication of irrigation strategy, replication by fixed effects, and replication by all
interactions among fixed effects (nested within year) were considered random.
Treatment means were averaged for each irrigation strategy within each land preparation
method for peanut pod yield, market grade (%TSMK), net returns above tillage and
irrigation costs, and IWUE. Means were separated using the LSMEANS statement and
differences were considered significant when α ≤ 0.05.
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Results
Rainfall
Rainfall patterns differed between years. For both years, precipitation from
planting through late pod fill ranged from 16% below to 79% above the 10 year average
(Table 1.1). From late pod-fill through physiological maturity, rainfall in 2015 and 2016
was 73% less and 200% greater, respectively, than the 10 year average. In 2015, the dry
year, 51.5 ha-mm of supplemental irrigation was applied on July 15 and 24, August 3 and
14, and September 2. In 2016, the wetter year, 51.5 ha-mm of supplemental irrigation
was applied on June 29, July 20, and September 14.
Yield
The chief hypothesis of this study was that planting on a bed and applying water
to every furrow would maximize peanut pod yield in mid-southern USA furrow irrigated
environments. Year and irrigation strategy interacted to effect peanut pod yield
(P=0.0071; Figure 1.1, Table 1.2). Contrary to our hypothesis, neither planting method
(flat vs bed), irrigation strategy (every vs every other furrow), nor an interaction of these
parameters had an effect on peanut pod yield. However, relative to the rainfed
environment, irrigation improved yield 1.8-fold in the dry year, 2015, but had no effect in
the wet year, 2016.
Market Grade [%TSMK]
Because of poor drainage in peanut producing soils across the mid-southern USA,
we postulated that market grade would be improved by planting into a bed rather than a
flat system. Contrary to our hypothesis, planting method had no effect on market grade.
7

However, year and irrigation strategy interacted to effect market grade (P=0.0453; Figure
1.2). Relative to the rainfed environment, irrigating every furrow improved market grade
1.2% in the dry year, 2015, but had no effect in the wet year, 2016.
Net Returns above Tillage and Irrigation Costs
We assumed that planting peanut on a bed and irrigating every furrow would
maximize yield and grade thereby improving net returns relative to alternative production
systems. Year and irrigation strategy interacted to affect net returns above tillage and
irrigation costs (P=0.0448; Figure 1.3). Net returns above tillage and irrigation costs
were not different between bedded and flat production systems. However, applying
water to every other furrow improved net returns above tillage and irrigation costs up to
2.16-fold in the dry year, 2015, but had no effect in the wet year, 2016.
Irrigation Water Use Efficiency
For irrigation water use efficiency (IWUE), the irrigation strategy main effect was
significant (P=0.0078). Independent of year and land preparation method, applying water
to every-other furrow rather than every furrow improved irrigation water use efficiency
5.3-fold.

Discussion
Land preparation was a factor measured in this study because in the mid-southern
USA peanut is planted flat or on a raised bed and furrow irrigated in soils that are poorly
drained relative to those in the traditional peanut belt, i.e., Georgia, Florida, and
Alabama. The majority of the row-crop hectares, in the mid-southern USA are planted
8

on a raised bed because furrow irrigation is the primary delivery system for the region
(USDA-NASS, 2014). Under the conditions of this study, land preparation method had
no effect on peanut pod yield, market grade, net returns above tillage and irrigation costs,
or IWUE. In a similar study, land preparation method, i.e., flat, tiller-shaper, diskbedder, ripper-bedder, had a minimal and inconsistent effect on peanut pod yield and net
returns (Wright and Porter, 1980). These data indicate that land preparation method
should have no effect on peanut yield, profitability, or IWUE in the mid-southern USA.
Skip row irrigation is a best management practice for furrow delivery systems that
purportedly has little to no adverse effect on yield while improving water use and
profitability. Our data indicate that relative to irrigating every furrow, skip row irrigation
has no adverse effect on peanut pod yield but improves IWUE and net returns up to 5fold. Similarly, skip row irrigation had no adverse effect on cotton, soybean, potato,
sugar beet, or grain sorghum yield but improved IWUE up to 2.0-fold (Grimes et al.,
1968; Fischbach and Mulliner, 1972; Musick and Dusek, 1974; Stone et al., 1979;
Ghadage, et al., 2005; Kashiani et al., 2011). The exception to skip row irrigation having
no adverse effect on yield is when crop water demand is not met because of low rainfall
and/or greater than average evapotranspiration rates (Stone et al., 1979; Stone et al.,
1982; Allen et al., 1998). These data indicate that for the humid, sub-tropical midsouthern USA, that peanut pod yield, net returns above tillage and irrigation costs, and
IWUE are optimized by skip row irrigation.
The objective of this study was to determine if bed formation and irrigating every
furrow is required to optimize peanut pod yield and profitability in mid-southern USA
9

furrow irrigated environments. Bed formation did not affect peanut pod yield,
economics, or water use efficiency. Conversely, skip row irrigation increased net returns
and IWUE up to 5-fold. Our data indicate that yield, net returns above tillage and
irrigation costs, and IWUE are most often optimized for peanut in the mid-southern USA
by planting either flat or on a bed and irrigating every other furrow. Combining on-farm
observations with data from this micro-plot study, our grower recommendation is to plant
peanut on a raised bed and irrigate every other furrow.
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Table 1.1

Month

The sum of rainfall by month (readings began prior to peanut planting and
concluded at peanut harvest) recorded from a weather station located 1.5
kilometers from the study site for the growing seasons of 2015 and 2016; as
well as the average sums of rain recordings by month from the previous ten
years in Stoneville, MS.
2015

2016

10 Year Mean

----------------------------------- mm ----------------------------------April

161

110

152

May

177

83

99

June

65

129

59

July

81

166

81

August

19

139

70

September

20

02

117

October

139

05

134

November

244

134

70
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Table 1.2

Test of fixed effects and interaction among fixed effects for peanut pod
yield, peanut market grade [% Total Sound Mature Kernels (TSMK)], net
returns above tillage and irrigation costs, and irrigation water use efficiency
(IWUE) in Mississippi in 2015 and 2016.

Market Grade
Net Return
IWUE†
___________________________
Pr > F ___________________________
Year‡
0.0083
0.0002
0.0002
NS§
¶
Land
NS
NS
NS
NS
#
Irrigation
0.0013
NS
0.0062
0.0078
Year x Land
NS
NS
NS
NS
Year x Irrigation
0.0071
0.0453
0.0448
NS
Land x Irrigation
NS
NS
NS
NS
Year x Land x Irrigation
NS
NS
NS
NS
-1
† Irrigation water use efficiency (kg ha-mm ).
‡ Year, 2015 and 2016
§. NS, not significant at P ≤ 0.05
¶. Land, land preparation method (planted into flat ground or raised beds on102-cm
centers)
# Irrigation, irrigation strategy (non-irrigated, every-other furrow, every furrow).
Source

Yield
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Figure 1.1

Peanut pod yield, pooled across land preparation method for three irrigation
strategies used during the 2015 and 2016 growing seasons in Mississippi.
Error bars represent ± standard error of the mean.

Figure 1.2

Peanut market grade, pooled across land preparation method for three
irrigation strategies used during the 2015 and 2016 growing seasons in
Mississippi. Error bars represent ± standard error of the mean
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Figure 1.3

Peanut net return above tillage and irrigation costs, pooled across land
preparation method for three irrigation strategies used during the 2015 and
2016 growing seasons in Mississippi. Error bars represent ± standard error
of the mean

14
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CHAPTER II
ESTABLISHING IRRIGATION THRESHOLDS FOR FURROW IRRIGATED
PEANUTS IN MISSISSIPPI
Abstract
Currently, there are no data on how to schedule irrigations for peanut [Arachis
hypogea (L.)] under furrow irrigation, the predominant delivery system for the midsouthern, USA. This research was conducted to determine if sensor-based irrigation
scheduling improves peanut yield, net returns above irrigation costs, and irrigation water
use efficiency relative to the water balance method, FAO-56. The effects of irrigation
scheduling (FAO-56, -50 kPa, -75 kPa, -100 kPa, non-irrigated) on peanut yield, net
returns above irrigation costs, and irrigation water use efficiency were investigated at
Stoneville, MS on a Bosket very fine sandy loam (fine-loamy, mixed, active, thermic
Mollic Hapludalfs). Relative to non-irrigated and FAO-56, maintaining the soil moisture
at -50 kPa improved peanut yield at least 12.7% and either had no effect or improved net
returns above irrigation costs up to 20.7% (P ≤ 0.0376). Maintaining soil moisture at -50
or -100 kPa either had no effect or increased irrigation water use efficiency by at least
5.32-fold relative to FAO-56 (P=0.0071). Our data indicate that peanut yield, net returns
above irrigation costs, and irrigation water use efficiency are more consistently optimized
for furrow irrigated environments by maintaining soil moisture at a -50 kPa threshold.
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Introduction
Within the primary peanut [Arachis hypogea (L.)] growing regions of the USA,
including Alabama, Florida, Georgia, southeast Mississippi, New Mexico, North and
South Carolina, Oklahoma, Texas, and Virginia, the prominent technique for scheduling
irrigations is the water balance method. This method utilizes known environmental
parameters and crop growth stage to estimate soil water content. The primary water
balance methods used across the USA and other international peanut growing regions
include evaporation pans, Irrigator Pro, the UGA extension check book method (UGAEXT), MOISNUT, EXNUT, and AQUAMAN (Khan and Datta, 1982; Pahalwan and
Tripathi, 1984; Wright et al., 1986; Davidson et al., 1998a,b; Lamb et al., 2007; Rowland
et al., 2010; Chauhan et al., 2013). Relative to producer-derived methods or rainfed
environments, water balance scheduling methods improved yield, net returns, and/or
irrigation water use efficiency (IWUE) up to 50% in overhead irrigated environments
(Davidson et al., 1998a,b; Chauhan et al., 2013). Exceptions included when rainfall was
normal and irrigation stimulated disease (Wright et al., 1986).
In the mid-southern peanut region, consisting of western Tennessee, southeast
Missouri, and the delta regions of Arkansas, Mississippi, and Louisiana, furrow irrigation
is the predominant delivery method, and peanut acreage has increased at least 50% in this
region since 2011 (USDA-NASS, 2017). There is a paucity of data regarding irrigation
scheduling for peanut in furrow irrigated environments. However, there is evidence that
sensor-based scheduling for crops other than peanut improves yield, net returns above
irrigation costs, and/or IWUE in this region. Relative to the producer standard, i.e.,
approximately -50 kPa, maintaining the water potential at -85 kPa increased IWUE 2.620

fold while having no adverse effect on soybean grain yield at the micro-plot scale (Wood
et al., 2017). At the field scale, an irrigation threshold of -100 kPa had no adverse effect
on soybean yield or net returns above irrigation costs while increasing IWUE 36%
relative to the producer standard (Bryant et al., 2017). Moreover, relative to the producer
standard, sensor-based irrigation scheduling improved rice grain yield, net returns above
irrigation costs, and IWUE by at least 2.5% (Atwill et al., 2018).
To date no research has compared the effect of water balance irrigation scheduling
methods or sensor-based scheduling methods on peanut yield, profitability, and water use
efficiency in furrow irrigated environments. The objective of this study was to determine
the effects of irrigation scheduling method including a water balance approach, FAO-56,
and sensor-based scheduling at various thresholds, i.e., -50 kPa, -75 kPa, -100 kPa, on
peanut yield, net returns above irrigation costs, and irrigation water use efficiency on a
common mid-southern USA peanut production soil texture.
Materials and Methods
Field studies were conducted on a Bosket very fine sandy loam (fine-loamy, mixed,
active, thermic Mollic Hapludalfs) (USDA-NRCS, 2013) at the Mississippi State
University (MSU) Delta Research and Extension Center (DREC) in Stoneville, MS in
2015 and 2016. Land preparation in both years included deep tillage with a parabolic
subsoiler to a depth of 56 cm, disc-harrowing, and formation of 102-cm raised beds using
a high-clearance bedding hipper and a raised bed conditioner to prepare the seed bed for
planting. Peanut cultivar Georgia-06G (Branch, 2007) was planted into experimental
units that were 8.16-m wide by 9.15-m long at 19.7 seeds m-1 to a depth of 5 cm using a
four-row John Deere MaxEmerge 1700 XP vacuum planter (John Deere Seeding Group,
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Moline, IL). Furrows were swept with a row crop cultivator set to run shallow in the
middle of the furrow prior to the first irrigation. All agronomic and pest management
decisions were based on MSU Extension recommendations (Oldham, 2012; Catchot et
al., 2014; Mississippi State University, 2015), and fungicide applications were made
based on guidelines provided by the high-risk model of the Peanut Disease Risk Index
(Kemerait et al., 2015).
The experimental design was a randomized complete block with four replications
of each treatment. Treatments included five irrigation thresholds, -100 kPa, -75 kPa, -50
kPa, FAO-56 at a 5.08-cm deficit, and non-irrigated. Soil moisture was monitored using
Irrometer Watermark 200SS soil water potential sensors (Irrometer Co, Inc., Riverside,
CA) installed 5 cm from the edge of planted, raised beds on the opposite side of traffic
middles at depths of 15 cm, 30 cm, and 46 cm. Irrigation was applied to every furrow
when the weighted average soil water potential in the 0- to 46-cm depth reached
threshold. For FAO-56, irrigation was applied as described by Allen et al. (1998, 2005).
Irrigation was applied through 30.48-cm by 9-mil lay-flat poly-ethylene tubing
(Delta Plastics, Little Rock, AR) whereby Pipe Hole and Universal Crown Evaluation
Tool (PHAUCET) version 8.2.20 was used to generate the holes sizes to be punctured
into the poly tubing. Furrow flow rate (19 L min-1) and cumulative water applied were
measured with a McCrometer flow tube with attached McPropeller bolt-on saddle
flowmeter (McCrometer Inc., Hemet, California).
Measurements included peanut pod yield, net returns above irrigation costs, and
IWUE. Peanut maturity was determined each year using the hull scrape method
(Williams and Drexler, 1981). Peanut plant digging and inversion occurred on 25
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September 2015 and 26 September 2016. Harvest followed on 1 October 2015 and 12
October 2016. Peanut plants were inverted using a two-row KMC digger-shaker-inverter
and harvested using a two-row KMC peanut combine (Kelley Manufacturing Co., Tifton,
GA). Yield was adjusted to 10.5% moisture. Partial budgets (Kay, 2015), using
estimated costs taken from MSU Delta planning budgets (Mississippi State University
Dept. of Ag. Econ., 2015; 2016) and prices received for in-shell Mississippi peanuts
during 2015 and 2016 (USDA-NASS, 2017) were developed to analyze differences in net
returns for each treatment. Irrigation water use efficiency was calculated as described by
Vories et al. (2005):

𝐼𝑊𝑈𝐸 =

𝑌
𝐼𝑊𝐴

(2.1)

where IWUE is irrigation water use efficiency (kg ha-mm-1), Y is peanut pod yield (kg
ha-1), and IWA is irrigation water applied (ha-mm-1).
All data were subjected to ANOVA using the GLIMMIX Procedure in SAS 9.4
(Statistical Analytical System Release 9.4; SAS Institute Inc., Cary, NC). A preliminary
analysis was conducted for peanut pod yield, net returns above irrigation costs, and
IWUE with year and scheduling treatment as fixed effects and replication as a random
effect. The fixed effect year was significant for peanut pod yield and net returns above
irrigation costs, therefore, a secondary analysis was performed for each year (2015 and
2016) with scheduling treatment as a fixed effect and replication as a random effect. For
IWUE, scheduling treatment was the fixed effect, with replication and replication nested
within year the random effects using the GLIMMIX procedure. Means were separated
using the LSMEANS statement. Differences were considered significant for α ≤ 0.05.
23

Results and Discussion
Rainfall and Supplemental Irrigation
Rainfall patterns varied by year, but every potential irrigation treatment was
applied over the course of the study. For both years, precipitation from planting through
late pod fill ranged from 16% below to 79% above the 10 year average (Table 2.1-2.3).
From late pod-fill through physiological maturity, rainfall in 2015 and 2016 was 73% less
and 200% greater, respectively, than the 10 year average. Relative to FAO-56 in 2015,
an additional 762 ha-mm was applied to the -50 kPa treatment, an additional 381 ha-mm
was applied to the -75 kPa treatment, while the -100 kPa treatment received 381 ha-mm
less than the positive control. In 2016, rainfall was such that the -100 kPa threshold was
not met and no irrigations were applied to plots set to be irrigated using that threshold.
Cumulative irrigation was not different between FAO-56 and the -50 kPa treatments,
while 67% less irrigation was applied to the -75 kPa treatment relative to FAO-56.
Yield and Net Returns Above Irrigation Costs
The primary hypothesis of this study was that sensor-based scheduling would improve
yield and net returns above irrigation costs relative to the positive and negative controls,
that is, FAO-56 and non-irrigated. Relative to FAO-56 and the non-irrigated treatments,
maintaining the soil moisture at -50 kPa improved peanut yield at least 12.7% and either
had no effect or improved net returns above irrigation costs up to 20.7% (Fig 2.1 and
2.3). These data indicate that maintaining soil moisture at -50 kPa with sensor-based
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scheduling tools improves yield and profitability relative to FAO-56 and non-irrigated
environments.
Irrigation Water Use Efficiency
Another premise for this study was that sensor-based scheduling would better
estimate the soil moisture potential required to maximize yield with as few irrigations as
possible. Maintaining soil moisture at -50 or -100 kPa either had no effect or increased
IWUE at least 5.32-fold relative to FAO-56 (P=0.0071; Fig. 2.2). These data indicate
that maintaining soil moisture at -50 kPa or -100 kPa with sensor-based scheduling tools
improves IWUE relative to FAO-56. There is a paucity of data for sensor-based
irrigation scheduling across the primary peanut growing regions in the USA. There are
data indicating that checkbook irrigation scheduling tools improve peanut yield, net
returns above irrigation costs and/or IWUE up to 50% relative to producer standards or
rain fed environments (Davidson et al., 1998a,b; Chauhan et al., 2013). To our
knowledge, there are no reports of soil moisture sensor-based scheduling of peanut in the
literature. However, there is evidence that sensor-based scheduling for crops other than
peanut, i.e., soybean and rice, improves yield, net returns above irrigation costs, and/or
IWUE up to 2.6-fold in the mid-southern USA (Bryant et al., 2017; Wood et al., 2017;
Atwill et al., 2018).

Conclusion
This research was conducted to determine if sensor-based irrigation scheduling
improves yield, net returns above irrigation costs, and IWUE relative to FAO-56. Our
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data indicate that yield, net returns above irrigation costs, and IWUE are more
consistently maximized when the irrigation threshold is maintained season long at -50
kPa with sensor-based scheduling tools. Adoption of this irrigation threshold across the
mid-southern peanut region would maximize yield and net returns above irrigation costs,
while ensuring the most judicious use of water resources.

Table 2.1

Month

The sum of rainfall by month (readings began prior to peanut planting and
concluded at peanut harvest) recorded from a weather station located 1.5
kilometers from the study site for the growing seasons of 2015 and 2016; as
well as the average sums of rain recordings by month from the previous ten
years in Stoneville, MS.
2015

2016

10 Year Mean

----------------------------------- mm ----------------------------------April

161

110

152

May

177

83

99

June

65

129

59

July

81

166

81

August

19

139

70

September

20

02

117

October

139

05

134
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Table 2.2

Julian Date

Rainfall and irrigation data from the date of peanut planting until the date
of peanut plant inversion for the 2015 growing season at the Delta
Research and Experiment Center in Stoneville, MS. A weather station
located 1.5 kilometers from the study site recorded the amounts of rainfall,
and a flowmeter attached to the inlet of the field measured the amounts of
irrigation water applied.
-50cbar†

Irrigation Scheduling Method
-75cbar
-100cbar
FAO-56‡

NI

---------------------------------------mm--------------------------------------130
131
132
136
137
138
139
141
145
146
147
148
149
150
151
152
163
165
166
167
171
175
176
178
179
181
182
183
185
186
187
196
197
203

1.27
2.29
0.25
10.41
27.94
60.20
7.11
0.51
10.16
18.29
3.81
15.75
0.25
6.35
12.19
10.16
127
6.60
7.87

1.27
2.29
0.25
10.41
27.94
60.20
7.11
0.51
10.16
18.29
3.81
15.75
0.25
6.35
12.19
10.16

1.27
2.29
0.25
10.41
27.94
60.20
7.11
0.51
10.16
18.29
3.81
15.75
0.25
6.35
12.19
10.16

1.27
2.29
0.25
10.41
27.94
60.20
7.11
0.51
10.16
18.29
3.81
15.75
0.25
6.35
12.19
10.16

1.27
2.29
0.25
10.41
27.94
60.20
7.11
0.51
10.16
18.29
3.81
15.75
0.25
6.35
12.19
10.16

6.60
7.87

6.60
7.87

6.60
7.87

0.25
127.00
19.05
11.94
1.27
8.13
9.40

0.25

0.25

6.60
7.87
127
0.25

19.05
11.94
1.27
8.13
9.40

19.05
11.94
1.27
8.13
9.40

19.05
11.94
1.27
8.13
9.40

11.94
39.88
9.14

11.94
39.88
9.14

11.94
39.88
9.14

19.05
11.94
1.27
8.13
9.40
127.00
11.94
39.88
9.14
127.00

127.00
3.05

3.05

3.05

3.05

3.05

27

0.25

11.94
39.88
9.14

Table 2.2 (continued)
20
207
209
215
218
222
223
226
229
230
232
233
234
236
237
240
244
245
248
251
252
254
255
264

127.00
7.11
127.00
127.00
127.00
127.00
127.00

0.76
127.00
1.52
127.00
0.76
127.00
13.21
0.25
0.51
3.05

127.00
127.00
127.00
127.00
127.00
127.00
12.95
3.30
0.25
1.27
127.00
0.76
127.00
1.52
127.00
0.76
127.00
13.21
0.25
0.51
3.05

Total Rain
Total Irrigation

360.43
1651.00

360.43
1270.00

127.00
12.95
3.30
0.25
1.27

7.11

7.11

127.00
7.11

7.11

127.00
127.00
127.00
127.00
12.95
3.30
0.25
1.27
127.00
0.76
127.00
1.52

12.95
3.30
0.25
1.27

12.95
3.30
0.25
1.27

0.76

0.76
1.52

0.76

1.52
127.00
0.76

13.21
0.25
0.51
3.05

13.21
0.25
0.51
3.05

13.21
0.25
0.51
3.05

360.43
508.00

360.43
889.00

360.43

0.76

† Cbar = the measured resistance correlated to centibars (cbar) or kilopascals (kPa) of soil
water tension.
‡FAO-56 Penman-Monteith (PM) reference evapotranspiration (ETo)
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Table 2.3

Julian Date

Rainfall and irrigation data from the date of peanut planting until the date
of peanut plant inversion for the 2016 growing season at the Delta
Research and Experiment Center in Stoneville, MS. A weather station
located 1.5 kilometers from the study site recorded the amounts of rainfall,
and a flowmeter attached to the inlet of the field measured the amounts of
irrigation water applied
-50cbar†

Irrigation Scheduling Method
-75cbar
FAO-56‡

NI

----------------------------------mm---------------------------------138
139
140
149
150
151
152
154
155
156
157
158
165
166
167
168
170
172
179
181
187
188
192
193
194
197
201
202
207
208
209
210
211
212

4.83
0.25
0.25
27.94
0.25
0.51
29.46
7.87
3.05
75.69
0.51
0.25
0.25
9.65
26.92
0.25
3.81
0.25
127.00

4.83
0.25
0.25
27.94
0.25
0.51
29.46
7.87
3.05
75.69
0.51
0.25
0.25
9.65
26.92
0.25
3.81
0.25

4.83
0.25
0.25
27.94
0.25
0.51
29.46
7.87
3.05
75.69
0.51
0.25
0.25
9.65
26.92
0.25
3.81
0.25

28.19
0.25
14.48
11.94
3.05
6.35
0.25
127.00
35.81
0.25
0.25
50.04
8.89
0.25

28.19
0.25
14.48
11.94
3.05
6.35
0.25
127.00
35.81
0.25
0.25
50.04
8.89
0.25

127.00
28.19
0.25
14.48
11.94
3.05
6.35
0.25
127.00
35.81
0.25
0.25
50.04
8.89
0.25
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4.83
0.25
0.25
27.94
0.25
0.51
29.46
7.87
3.05
75.69
0.51
0.25
0.25
9.65
26.92
0.25
3.81
0.25
28.19
0.25
14.48
11.94
3.05
6.35
0.25
35.81
0.25
0.25
50.04
8.89
0.25

Table 2.3 (continued)
213
216
220
221
224
226
227
228
229
230
231
232
233
235
236
239
240
243
249
256
258
261
262
263

5.84
0.25
8.13
0.51
9.91
4.32
5.84
4.06
30.99
15.75
6.35
12.95
2.79
15.24
0.76
0.25
20.32
0.76
7.62
127.00

5.84
0.25
8.13
0.51
9.91
4.32
5.84
4.06
30.99
15.75
6.35
12.95
2.79
15.24
0.76
0.25
20.32
0.76
7.62

5.84
0.25
8.13
0.51
9.91
4.32
5.84
4.06
30.99
15.75
6.35
12.95
2.79
15.24
0.76
0.25
20.32
0.76
7.62

5.84
0.25
8.13
0.51
9.91
4.32
5.84
4.06
30.99
15.75
6.35
12.95
2.79
15.24
0.76
0.25
20.32
0.76
7.62

0.51
0.25
0.25

0.51
0.25
0.25

127.00
0.51
0.25
0.25

0.51
0.25
0.25

Total Rain
Total Irrigation

505.71
381.00

505.71
127.00

505.71
381.00

505.71

† Cbar = the measured resistance correlated to centibars (cbar) or kilopascals (kPa) of soil
water tension.
‡FAO-56 Penman-Monteith (PM) reference evapotranspiration (ETo)
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Figure 2.1

Peanut pod yield using five irrigation thresholds during the 2015 growing
season and four thresholds during the 2016 growing season in Stoneville,
Mississippi.
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Irrigation Water Use Efficiency (kg/ha/mm)

1.6
1.4

AB

A

1.2
1.0
0.8
BC
0.6
0.4

C

0.2
0.0
-50 cbar

-75 cbar

-100 cbar

FAO-56

Irrigation Thresholds

Figure 2.2

The effect of irrigation scheduling method on irrigation water use
efficiency of peanut irrigated using four irrigation thresholds during the
2015 growing season and three thresholds during the 2016 growing season
in Stoneville, Mississippi. Bars are the means of seven replications from
2015 and 2016, pooled across year.
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Net Return Above Irrigation Costs ($/ha)

3000

A

NS B

2015

2016

2500

2000
A
1500

B

B

-75 cbar

FAO-56

B

1000

500

0
-50 cbar

-75 cbar

-100 cbar

FAO-56

Non Irrigated

-50 cbar

Non Irrigated

Irrigation Thresholds

Figure 2.3

Net return above irrigation costs for peanut irrigated using five thresholds
during the 2015 growing season and four thresholds during the 2016
growing season in Mississippi.
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